Introduction
H and D ions are used to generate efficient neutral beams with energies in excess of 150 kev. 1 It has been demonstrated that volume-produced H-ions, extracted from a filter-equipped multicusp source can provide high quality H beams with sufficient current density (-40 mA/cm 2 ) to be useful for both neutral beam heating of fusion plasmas and accelerator applications.
2 In order to produce this high H-current density, it was necessary to operate the prototype source with a discharge current as high as 350 A. Several methods to improve the efficiency of the filter equipped H-source have been investigated and reported. By optimizing the extraction chamber length, a factor of 6 improvement in the H-output has been achieved. 3 Experimental results have also indicated that the H-yield can be enhanced by choosing aluminum or copper as the chamber wall material. 4
In this paper, the effect on volume H-production by injecting electrons with different energies into the three regions of the source is studied. We have found that a substantial increase in H-yield occurs only when very low energy electroris (E = 1 eV) are added into the filter or ext~action regions.
If dissociative attachment of vibrationally-excited molecules is the primary process responsible for forming the H ions, then this low-energy electron injection scheme could maintain a low average H ion energy which could in turn improve the brightness of the extracted H beam.
I. Experimental Setup
A schematic diagram of the apparatus is shown in Fig. 1 to prevent the energetic primary electrons from entering the extraction zone.
However, both positive and negative ions, together with cold electrons are able to penetrate the filter and they form a plasma in the extraction region.
The open end of the source chamber is enclosed by a two-electrode acceleration system. Positive or negative ions were extracted from the source through a small 0.1 x 1.0 cm 2 slot. In order to optimize the H-output, the first accelerator (or plasma} electrode was biased at a potential equal to, or , ' more positive than the chamber wa11. 6 A steady-state hydrogen plasma was produced by primary electrons emitted from two 0.05-cm-diam tungsten filaments (indicated as set 1 in Fig. 1} . The entire chamber wall, together with the filter rods, served as the anode for the discharge. 10 em at a source pressure of 2 x 10 Torr. The plasma density in the extraction region was about 6 x 10 10 cm-3 . Due to these combined effects, the H ~ output is much reduced as Vd is changed from 0 to -20 V.
When Vd is adjusted below -20 V, the injected electrons will have enough energy to ionize or to vibrationally excite the neutral molecules. The background plasma density increases but with no significant change in T . As e a result, the production rate of the ~-ions in the whole chamber is enhanced and the H output is improved. In fact, Fig. 3(a) shows that the H-yield is even higher than the yield when there is no emission from this second filament. The effect on the H yield when electrons were emitted into the extraction chamber from the second filament is illustrated in Fig. 3 (b) . When the electron energy is increased by increasing the negative bias on the filament, the H-output is reduced. However, unlike the data shown in Fig. 3(a) , the Hyield decreases monotonically even when Vd is below -20 V. The continuous drop in H-yield is caused by the presence of energetic electrons which contribute mainly to the destruction of H-ions. The extraction chamber now becomes essentially a multicusp source without a filter. Extraction of H ions becomes difficult due to the presence of a larger potential gradient.
The H output decreases which is consistent with the result observed in a . . t 6 prev1ous exper1men .
As the bias voltage on the second filament becomes slightly more positive than the anode potential, the H-output increases and reaches a maximum at a filament bias of about +2.5 V. At this point, there is an increase of about 27% over the yield when there is no emission from the filament. As determined from Langmuir probe traces, the potential of the plasma in the extraction chamber is about +3.5 V with respect to the anode walls. Thus, the maximum H yield occurs when the electron injection energy is approximately 1 eV.
When the filament is biased more positive than the plasma potential, electron emission becomes difficult as there is no potential to remove electrons from the filament. In addition, the entire filament becomes a loss element as it can absorb H ions and cold electrons from the surrounding plasma. As a result, the H ion density and therefore the extracted H beam decreases again as illustrated in Fig. 3(b) . dissociative recombination of H 2 ions have the.highest reaction rate for forming H-at these low electron energies. 14 Thus, further investigation is required in order to determine the exact process which is responsible for generating the H-ions. It is found that the average H energy rises rapidly (about a factor of 4) when T is increased from 0.5 to 2 eV. Thus, the need e for cold electrons in the filter and extraction regions may be important for improving the H beam brightness as well as for increasing the H production.
Attempts have been made to reduce the electron temperature of the plasma in the extraction chamber by the cold electron injection technique described in the previous sections. The experiment was performed with a low source pressure of 4 x 10-4 Torr. With the source operated at a discharge of 80 V, 3
A from the filaments of set 1, a higher electron temperature of 1 eV was obtained for the extraction chamber plasma as illustrated ·by the probe trace in Fig. 4(a) . The H-output is small as indicated by the spectrometer output signal (Fig. 4(a) ). When electrons with energies~ 0.5 eV were injected into the extraction chamber from the second filament, the electron temperature was reduced to 0.5 eV as shown in Fig. 4(b) . The probe trace also indicates that the density of the extraction chamber plasma has increased by a factor of 3.
However, the H-yield has improved by more than a factor of 4. The additional increase in the H-yield is due to the reduction in Te which has already been discussed in the previous sections.
Although we have not as yet shown experimentally that the decrease in T e has resulted in a decrease in the H-energy as we suspect, we are planning to measure the H energy before and after the injection of the cold electrons.
The results of this investigation will be reported in the near future. 
